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Building Utilities for 7 Gev Advanced Photon Source
Based on Maximum Component Design of 7.7 GeV.

The building utilities, electrical power and cooling water requirements,

were estimated for the 7 GeV Advanced Photon Source by:

1e

2.

3.

4.

5.

Developing an estimate of electrical power required for each beam line
inside and outside the storage ring tunnel. This was then used to esti-
mate the heat loss to the cooling water system and the heat loss to the
air. The estimate of power, heat loss and location is shown in Fig. 1.

Developing an estimate of electrical power required for each RF system in
the storage ring, taking into account the efficiency of converting from ac
to dc to RF and finally to the beam. This was then used to estimate the
heat loss to the cooling water system and the heat loss to the air. The
estimate of power, heat loss and location is shown in Fig. 2.

Developing an estimate of electrical power required for the storage ring
vacuum system. This and the worst case beam loss was then used to esti-
mate the heat loss to the cooling water system and the heat loss to the
air. The estimate of power, heat loss and location is shown in Fig. 3.

Developing an estimate of electrical power conversion and transport effi-

ciency from the ac line to the magnet load. This was then used to esti-
mate the heat loss to the cooling water system and the heat loss to the
air. The estimate of power, heat loss and location is shown in Fig. 4.

Developing an estimate of general requirements for electrical power for
lighting, receptacles, buildings, HVAC systems and HV systems as follows:

5.1 LIGHTING
S.1.1  OFFICES (32.3W/m?2)
5.1.2  EXPERIMENTAL HALL (10.8 W/m2)
5.1.3  TUNNELS (10.8 W/m?)
5.2 RECEPTACLES
5.2.1 OFFICES (46 kW) 25% UTILITY--75% CLEAN
5.2.2 LABS (54 kW) 75% UTILITY--25% CLEAN
5.2.3 HI BAY LABS (100 kW)
5.3 BUILDINGS
5.3.1 STORAGE RING AND EXPERIMENTAL HALL BUILDING (25000 W

EVERY 10 m AROUND THE OUTSIDE OF BUILDING) AND 12.5
kW EVERY 10 m AROUND THE INSIDE OF THE BUILDING.



5.4

5.3.2 TUNNELS (25000 W EVERY 10 m) EXCEPT STORAGE RING
Note 4/15/87 @ add 100 kW in each of 2 locations
{({by RF cavities for vacuum bake
out carts--G. Nicholls).
° vacuum pumps is allocated 10 kW
every 10 m.

5¢3.3 STORAGE RING TUNNELS (3.75 kW VACUUM and 5 kW OTHER
EVERY 10 m, PLUS 35 kW FOR EACH BEAM LINE, PLUS 100
kW FOR EVERY TWO SECTORS FOR VACUUM BAKEOUT).

HVAC and HV

5.4.1 UTILITY POWER FOR HVAC IS EQUAL TO 1.4 kW/24.16 m2
IN ALL AIR CONDITIONED BUILDINGS BUT THE STORAGE
RING & EXPERIMENTAL HALL WHERE IT IS MULTIPLIED BY 2
DUE TO THE HEIGHT OF THE BUILDING.

5.4.2 UTILITY POWER FOR HV IS EQUAL TO 0.25 kW /24.16 m®
IN ALL BUILDINGS WITHOUT AIR CONDITIONING.

6. The cooling water system was defined as:

6.1

6.2

ALL WATER FLOW WAS CALCULATED FOR A TEMPERATURE RISE OF
13.89 C WITH APRESSURE DROP OF 100 PSI FOR 5°C WATER SYSTEM
AND A PRESSURE DROP OF 150 PSI FORTHE 32.2° C WATER SYSTEM.

ELECTRICAL POWER FOR PUMPING THE 32.2° C WATER IS FOR
PUMPING IT 2 TIMES.

ELECTRICAL POWER FOR 5° C WATER IS FOR PUMPING IT 2 TIMES
AND COOLING IT WITH A RATIO OF PUMPED TO COOLED OF 1.4/0.4.

COOLING WATER EQUAL TO 100 kW LOAD FOR BOTH 5° C AND 32.2° C
WATER WILL BE INSTALLED IN EACH LARGE LAB. THE HI BAY AREA
WILL HAVE COOLING WATER EQUAL TO S00 kW LOAD FOR BOTH 5° C
AND 32.2° C WATER.

Using the rationale developed above and the location for machine tech-
nical components, the spreadsheet of Fig. 6 was produced and transmitted to
Lester B. Knight in February, 1987. This spreadsheet was then used as a basis
for estimating the electrical power, cooling water, HVAC and HV requirements
and distribution for the site and individual buildings.
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APS-UTILITIES:BEAM LINE-LOSSES--2/13/87

BEAM LINE SYSTEM POWER DISTRIBUTION AND COOLING
@ 7.7 6GeV--200mA (EACH BEAM LINE)

AC
7okW IN THE STORAGE IN THE BEAT LINE
OUTSIDE THE
RING TUNNEL
RING TUNNEL
10kW CLEAN & 15kW CLEAN &
25kW CLEAN 25KW UTILITY kW UTILITY
SOKW UTILITY
ELECTRICAL POWER LOSS ELECTRICAL POWER LOSS
35kW 40KW
TO WATER (20%) 7kW TO WATER (20%) 8kW
TO AIR (80%) 28kW TO AIR (80%) 32kW
BEAM LOSS 10kW BEAM LOSS 10KW
TO WATER (80%) 8KW TO WATER (80%) 8KW
TO AIR (20%) 2kW TO AIR (20%) 2kW

NOTES:
1. THE EQUIPMENT COOLING WATER @ INLET TEMPERATURE 26.7°C
o MAX. PRESSURE <200 PSt
® NORMAL SUPPLY PRESSURE <1350PSI
o NORMAL RETURN PRESSURE < S0PSI
2. BEAM LOSS WOULD BE EITHER IN THE TUNNEL OR THE EXTERNIAL BEAM LINE.
ALSO THE BEAM LOSS COULD BE 1/2 kW, 1 kW, OR 10 kW DEPENDING ON THE
TYPE OF BEAM.
3. APPROXIMATELY 10 kW UTILITY POWER IN EACH LOCATION IS FOR VACUUM
SYSTEM BAKE OUT. .

FIGURE 1



APS-UTILITIES:RF-LOSSES--2/12/87

RE SYSTEM POWER DISTRIBUTION AND COOLING
@ 7.7 GeV--200mA (1 OF 4 FOR THE STORAGE RING AND ONE FOR THE SYNCHROTRON)

S o o CAVITY
2083kwW 1667kW DC/RF
AC/DC KLYSTRON WAVEGUIDE - BEAM
80% 60% 95% CONVERSION 732kW
EFFICIENT EFFICIENT EFFICIENT TO BEAM

LOSS LOSS LOSS LOSS
417kW 667kW SOkwW 219kwW
TO WATER(S0%) TO WATER(95%) TO WATER(80%) TO WATER(95%)
208kW 634kwW 40kW 208kW
TO AIR(50%) TO AIR(5%) TO AIR(20%) TO AIR(5%)
208kw 33kw 10kW 1 1kW

NOTES:
1. THE KLYSTRON COOLING WATER e INLET TEMPERATURE 26.7°C
® MAX. INLET TEMPERATURE 40°C
& MAX. OUTLET TEMPERATURE 90°C
& MAX. PRESSURE <118 PSI
e COLLECTOR--383 GPM--14.7 PSI
® BODY--4.8 GPM--73.5PS|
e OUTPUT CAVITY--7.4--73.5PS|
2. THE CAVITY COOLING WILL BE WITH <150 PSI SUPPLY AND <S0PSI RETURN WATER WITH A
TERMPERATURE RISE OF 10 TO 20°C.
3. AIR TO COOL THE WAVEGUIDE WINDOW @100Q0CFM--2" WATER.

FIGURE 2



APS-UTILITIES:SR-VAC-LOSSES--2/14/87

YACUUM SYSTEM POWER DISTRIBUTION AND COOLING
@ 7.7 GeV--200mA (IN THE STORAGE RING VACUUM)

AC
2439 kW BAKE OUT VACUUM PUMPS
INSTALLED kW UTILITY
2040kW UTILITY EVERY 10M
MAX. IN USE AT ONCE & .75 kW CLEAN

2359kW UTILITY 6X120kW=612kW

EVERY 10 M

80kW CLEAN
ELECTRICAL POWER LOSS ELECTRICAL POWER LOSS
612kW 399kwW
TO WATER (20%) 122kW TO WATER (20%) 80kW

TO AIR (80%) 490kW TO AIR (80%) 319kW

BEAM LOSS 2928kW
TO WATER (95%) 2782KW

TO AIR (S%) 146kW

NOTES:

1. THE EQUIPMENT COOLING WATER e INLET TEMPERATURE 5°C
e MAX. PRESSURE <200 PSI
o NORMAL SUPPLY PRESSURE <100PSI
@ NORMAL RETURN PRESSURE < SOPS
2. BEAMLOSS IS EQUAL TO THE MAX. RF ENERGY TO THE BEAM..

FIGURE 3



APS-UTILITIES:MAGNET-LOSSES--2/12/87

@ 7.7 6ev--200mA

AC INTER-

CONNECTION

AC/DC

95%-0C MAGNET
80% 90%-PULSED
EFFICIENT EFFICIENT

LOSS LOSS LOSS

ON LARGE POWER ON DC MAGNETS ON DC MAGNETS
SUPPLIES (HI VOLTAGE) (STORAGE RING) (STORAGE RING)
TO WATER(30%) TO WATER(0%) TO WATER(95%)

TO AIR(50%) TO AIR(100%) TO AIR(3%)
ON POWER ON AC MAGNETS ON AC MAGNETS
SUPPLIES (SYNCHROTRON) (SYNCHROTRON)
(HI CURRENT) TO WATER(0%) TO WATER(90%)

TO WATER(80%) TO AIR(100%) TO AIR(10%)

TO AIR(20%)

NOTES: .
1. THE MAGENT COOLING WATER @ INLET TEMPERATURE 26.7°C
o MAX. PRESSURE <200 PSI
o NORMAL SUPPLY PRESSURE <150PS!|
o NORMAL RETURN PRESSURE < SOPS!
2. WATER FOR PULSED POWER SUPPLIES IS BASED ON PEAK POWER.
3. WATER FOR PULSED MAGNETS {S BASED ON THE RMS POWER.

FIGURE 4
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